Introduction
Shift work and associated sleep disorders are well known risk factors for health. Awareness is growing internationally about the need to study how to improve working time arrangements and prevent serious sleep disorders [1] [2] [3] . This awareness is supported by the recognition that health problems associated with shift work and long hours of work are mediated by a range of intervening factors the effects of which can be controlled by various interventions 4, 5) . In recent years, research into these multiple factors and the way their complex effects are mediated in real-life situations is gaining importance. Research efforts in these aspects are accelerated by the exchanges through international study groups and scientific meetings such as international symposia on night and shift work [6] [7] [8] . The role of research is increasing likewise in identifying effective approaches to the improvement of safety and health conditions of shift workers and those at risk due to excessive work and life stress 2, 9) . There is an increasing amount of evidence that both improved working time arrangements and better sleep hygiene have significant effects on the health of workers working irregular shifts 10, 11) . The knowledge that the health of these workers may improve when effective interventions are taken in this regard is giving a new impetus to field research undertaken in relation to irregular shifts and work stress. The need for intensive research is particularly notable in clarifying effective interventions 2, 12, 13) . Individual differences in the health effects of different working time arrangements are found to reflect tolerance to night and shift work and to stressful situations. Both personal and job-related factors are found responsible for these differences 14, 15) . This has significant implications for managing shift work and other working time systems and for planning health measures at work. Obviously, multiple means are required to facilitate the implementation of these measures 2, 7, 16, 17) . It is necessary to know the types of approaches that are effective in supporting the identification of these practical means.
The research needs encompassing these interrelated aspects of working time arrangements and sleep-related conditions are reviewed. Attention is drawn first to (a) the need to study effective approaches dealing with the multiple factors that have real effects on the relationships between working time arrangements, sleep conditions and health of workers. Then, (b) various recent attempts relevant to health risk assessment linked with subsequent improvement actions at the workplace are examined. Finally, (c) research into participatory steps leading to effective field interventions is discussed. Recent field experiences show that interactive research looking into approaches leading to concrete effects on work organization, sleep and health is essential. Research methods examining the effects of innovative approaches on sleep and health and on their relationships seem important 7, 18, 19) . Research needs for action-oriented interventions should be taken into account in exploring more interactive research.
Joint Change Approaches in Improving Working Time Arrangements, Sleep and Health
The materials reviewed included the studies reported to the recent international symposia on night and shift work. The focus of the review was on the joint change approaches that addressed multiple factors affecting working time arrangements, associated sleep problems and health conditions of workers. These approaches were usually taken by employers and workers with a view to solving management problems and improving safety and health at work together 9, [18] [19] [20] . There are two important reasons why joint change approaches are needed in dealing with these multiple factors. First, the relationships between stressful conditions including the phase-shifting of working and sleeping hours and strains induced from such conditions are complex and potentially affected by many intervening variables 21, 22) . To be effective, approaches trying to improve these complex conditions must aim at jointly improving them by more systematic and more consistent efforts. Second, there are interrelationships among the potential effects of different groups of these conditions. For example, the effects of phase-shifted work-sleep patterns can influence the job content such as night work tasks and teamwork methods 20, 22) . Therefore, actual approaches taken by employers and workers are necessitated to address both these aspects together. As the need to address multiple aspects simultaneously is recognized widely, many realistic approaches have a clear aim of changing multiple aspects jointly. In effect, many examples of such joint change steps are reported 18, 20) . The complex intervening variables that potentially affect the strains due to irregular working time arrangements and associated sleep disturbances are also examined extensively by various review papers. As such variables, job-related factors other than working time arrangements, environmental conditions, family and social life conditions and individual characteristics are mentioned 2, 18, 20, 23, 24) . More recently, a number of studies point out the need to take into account the wide-ranging factors that can affect tolerance to shift and night work [23] [24] [25] . Many of these factors are relevant in dealing with work stress issues. These factors may also be mentioned in several categories as shown in Table 1 . They include factors relating to job-executing conditions, working hours, family and living conditions, social conditions and individual characteristics 4, 7, 20, 24, 25) . The interrelationships showing the need for joint change approaches are of special interest. Examples of these interrelationships previously reported are given in Table 2 20) . As shown in the table, the joint change of work schedules and job content is needed in several aspects of either of these conditions. For example, flexible work schedules allowing frequent changes of work shifts depending on demands or worker preferences may require flexibility in allocating tasks to different workers. Shorter hours of work usually require improved work organization that can lead to increased productivity. Design of tasks that can be done independently or shared in a subsequent manner is needed for rapid shift rotation and assigning relief personnel. Breakable types of work must also be designed for arranging resting or napping periods in a flexible manner. Further, workload of tasks to be done during unpopular shifts such as night shifts should be effectively reduced. Ergonomic improvements of work tasks can obviously help better arrange work schedules and assign different groups of workers to unpopular shifts. Examples of such a joint change of work-related factors are found in different industries 9, 20, 26) . These complex relationships are well recognized by voluntary industry-based guidelines for improving shift work that have been formulated by several industries in Japan. These guidelines were compiled by advisory groups based on surveys of measures taken by enterprises and by workers 2, 27, 28) . They were published in the chemical industry in 2000, in the automobile and parts industry in 2000, in the electrical equipment industry in 2001 and for department stores in 2002. A wide coverage of support measures recommended by these guidelines was common to all these industries. As indicated in Table 3 , these support measures clearly corresponded to improvements in work schedules, job tasks, resting conditions, health measures and training.
About work schedules, commonly mentioned measures included those for securing between-shift intervals, keeping regular shift cycles, avoiding excessive overtime and securing relief personnel for absences. About work tasks, the common measures included reducing workload during night shifts, assigning less auxiliary tasks at night shifts, avoiding isolated work at night and improved working environment. As for resting and health measures, all the four guidelines mentioned measures to improve resting and napping facilities, provide assistance in sleep and commuting, strengthen health counseling and allow the transfer to day work due to health or family reasons. About training needs, training for coping with work stress was mentioned by all the guidelines, whereas better communication in emergency was mentioned in those for the automobile and electrical equipment industries and department stores and opportunities for career training by those for the electrical equipment industry. We can confirm that the need for joint change approaches was generally recognized through these guidelines.
Similar joint change approaches are taken in various workplace improvement programmes dealing with shift work. These programmes, reviewed in connection with occupational safety and health management systems now spreading to many industries, generally address multiple factors 29, 30) . The extent to which working time arrangements and sleep issues are dealt with may be different between different types of programmes. Nevertheless, the way working time and sleep conditions are examined is apparently determined by the overall approaches covering these multiple conditions of work and life. We should note that when systematic improvements are undertaken, these programmes commonly apply joint change steps addressing the multiple workplace factors together.
Action-oriented Risk Assessment in Dealing with Sleep and Health
Safety and health risk assessment methods in dealing with sleep and health problems were analyzed by examining those methods used in the papers reviewed. Generally used methods included available statistics, epidemiologic studies, questionnaires, activity and sleep records, physiological and biochemical analyses, ranking methods, inspections, interviews and group work methods 1-5, 18-20, 31-33) . There was a clear tendency to study not only conditions relating to bodily changes, working time variables and sleep or health disturbances but also problems hampering the implementation of usual sleep and health management procedures 31) . Two noteworthy trends in risk assessment with respect to working time arrangements, sleep and health may be mentioned. One trend is to assess relative risk levels by comparing the results of examining sleep, health and other conditions of workers [31] [32] [33] . Another trend is to assess risk levels by identifying the conditions requiring immediate improvements of existing conditions 34, 35) . Aspects mainly taken into account in these two kinds of risk assessment concerning shift work are listed in Table 4 . These aspects may cover work, fatigue, sleep, health and daily life conditions, while the conditions of interest may be different.
In examining relative risk levels in the first kind of risk assessment, the results of studying sleep, health and other conditions of workers are compared. Examples of these conditions included declines in alertness, the extent of sleep deficits, sleep disorders, mental strains, fatigue feelings, reduced work performance and health-affecting symptoms. Comparisons are made, for example, concerning the need to look at conditions leading to accumulated fatigue, delays in recovering sleep deficits and the state of health related to particular conditions of work. As a result of such comparisons, it is usually possible to identify or suggest the types of shifts or their rotation patterns that require particular attention in risk reduction. On the other hand, there seems to be an inherent weakness of such comparative methods about suggesting practical countermeasures to be taken in reducing actual risk levels. The identification of conditions requiring immediate improvements in the second kind of risk assessment is done in a more straightforward manner. Typically, this is done by looking at various conditions of work and life of workers by means of group inspections. Often, different options available for improving existing conditions are referred to. Thus, checklists listing improvements practicable in local conditions may be used. Multiple factors involved can be looked at in the check process, including a fairly broad range of teamwork conditions. As a result, prioritizing required improvements can be relatively easily done. Group work is usually well organized for identifying and implementing these improvements. It should be noted that the check procedures used are similar to the risk assessment generally applied in recent occupational safety and health management systems.
Of these two kinds of risk assessment methods, the actionoriented nature of the latter methods attracts our attention.
As options for improving existing conditions are looked at rather than the effects of these conditions alone, the assessment results are expressed in terms of improvements to be taken either immediately or at a later stage. This facilitates group discussion of managers and workers involved in the required improvements. The experiences in applying such assessment methods show that many concrete improvements can be suggested. One typical example was the application of the checkpoints for assessing conditions of shift work for plant maintenance work 2, 9, 36) . The checkpoints were compiled to consist of a set of measures to be checked to know their applicability in improving existing conditions of shift work. They were found useful because they were action-oriented and easily understood by managers and workers.
The four areas of these checkpoints for the plant maintenance work are shown in Table 5 .
The shift system for the workers engaged in plant maintenance was characterized by irregular work schedules combined with weekly rotated twelve-hour shifts. The difficulties met at work mainly related to long hours of day and night shifts, frequent changes of work tasks, deadlines set for assigned tasks, problems in communication at work, narrow work space, poor working environment with poor lighting and excessive noise, poor resting facilities and unsystematic training. When the checkpoints were compiled, a special emphasis was placed on selecting feasible options of reducing work-related risks in multiple areas. The checkpoints were used by plant maintenance managers in power plants and found useful by them. Clearly, the risk assessment related to working time arrangements, sleep, safety and health of workers should be action-oriented. The experiences gained in checking immediate improvements are of particular interest. It should be noted that the range of these improvement measures was strikingly similar to that of measures used in workplace interventions in different settings 36, 37) . As in the case of workplace interventions applying participatory approaches such as Work Improvement in Small Enterprises (WISE) methodology developed by the ILO 37) , the shift work checkpoints also highlighted practicable options for improving existing conditions. As a rule, materials handling, workload, work environment and welfare facilities and services were similarly covered. All these multiple areas were incorporated also in the measures suitable for plant maintenance work. Further, the focus was always on feasible options with respect to both work schedules and other workplace conditions. The set of measures covering multiple areas could thus be useful for identifying practicable interventions not only for improving conditions of work in general but for keeping alertness, reducing workload and potential errors and adjusting to phase-shifted circadian rhythms 38) .
Participatory Improvement Steps in Dealing with Sleep and Health Problems
In dealing with the many complex problems related to sleep and health, the practical steps taken to solve these problems in a proactive manner are gaining impetus 30, 36, 37) . This has led to intervention studies based on new strategies different from conventional research strategies. These studies reflected the fact that traditional approaches used in field interventions were not sufficient to respond to the complex problems. It is important to know the types of steps taken in improving conditions relevant to working time arrangements, sleep and health of workers.
Reorienting intervention approaches toward a safer and healthier workplace is important from this perspective [39] [40] [41] . It is of interest that the more decision-making is handed over to the participants, the more will be the potential of participatory intervention research 41) . The research in this direction needs to involve various participatory processes. Two kinds of such studies may be mentioned. One kind is represented by the reports about the participatory processes in improving shift systems and associated conditions of sleep and health, as shown by the reports on increasing flexibility in shift work organization 9, 22, [42] [43] [44] . The other kind concerns reports of action-oriented training activities in workplace improvements including better working time arrangements. These reports show that workplace improvements were more successful when participatory steps were taken consistently from the planning stage to the selection and implementation of priority improvements 42) . An effective use of participatory steps involving key local people was always found important.
It is remarkable that the basic participatory processes studied were similar between these two kinds of intervention studies. Typical basic processes are shown in Fig. 1 as discussed in our previous studies 9, 20, 40, 42) . The four essential steps include (a) group study of risk situations, (b) making plans dealing jointly with identified multiple risks, (c) obtaining feedback from local people about potential options, and (d) implementation and evaluation of the planned joint changes. The initial group work process is concentrated on learning good practices and workers' needs so as to identify improvement options locally practicable. The planning stage is based on multifaceted assessment of significant risks and focused on immediate solutions. Obtaining the feedback from managers and workers is indispensable so as to know their views on pros and cons of the suggested improvements and on remaining gaps. Finally, the joint change of existing conditions is to be undertaken, followed by the evaluation of its effectiveness. These steps are generally useful also for undertaking the required joint change related to working time, sleep and health problems with the active participation of managers and workers.
Interestingly, group work processes can play a vital role consistently throughout these steps. Participatory tools, such as examples of good practices, action checklists and improvement guides, are found useful. These tools are useful because they can point out the types of simple, easy-to-apply improvements, facilitate group discussion and enable the participants to agree on priority improvements. Such tools seem more effective than traditional methods of examining sleep and health-related problems. Thus, the studies on the development and effective use of these group work tools show the need to emphasize their action-oriented nature and their relevance to local situations 9, 36, 45, 46) . The focus of research in the shift work area was confirmed by the results of a special survey of the participants of the 16th International Symposium on Night and Shift Work held in Santos from 17-21 November 2003. In a special debate session, the participants were asked to note down their preferred research topics. The submitted topics were displayed on the session room walls and grouped into six categories 47) . Main topics presented by the participants are summarized in Fig. 2 . The six categories were (a) intervention studies, (b) sleep and fatigue, (c) industry-based studies, (d) flexibility-variability issues, (e) tolerance and (f) research methodology. While the second category topics and part of topics in some other categories directly referred to sleep and health problems, all the six categories may be considered to relate to sleep and health of workers concerned. Apparently, the participants noted that sleep problems related to intervention methods, various work systems, flexibility issues, tolerance and overall research methodology. Much attention was drawn by them to both the effects of working time arrangements and the types of interventions for improving these arrangements and associated conditions of work and life. The survey results showed that sleep and health aspects should be studied within the perspective of multi-area change strategies and effective intervention steps. It is confirmed that the joint change approaches, multiple risk assessment methods and participatory steps discussed in this paper need to be incorporated as urgent topics in the study of sleep and health aspects of workers engaged in various working time arrangements and their families.
The following criteria may be suggested for examining the action-oriented nature of research on sleep and health in different work systems: (a) a broad scope in identifying relevant factors; (b) action-oriented risk assessment; (c) use of methods adjusted to local situations; (d) participation of local people; and (e) relevance to the evaluation of intervention results. These criteria are considered useful for planning practical research that can contribute to the improvement of conditions related to sleep and health problems in different settings. With respect to criteria (a) and (b), research projects can be more effective when the research design takes into account risk management in each local situation and the particular relationships between work and life characteristics and risks at the workplace 40) . About criteria (d) and (e), the suggested relevance of intervention studies to sleep and health problems appears to be important. Research on intervention tools such as checklists and good practices also seems essential in making research actionoriented. Interactive research involving local people appears to play a crucial role in securing practical results. 
Conclusions
Recent progress in research into sleep and health problems in relation to different working time arrangements indicates the need to investigate their multiple relevant factors. This need is confirmed by the various studies reported concerning the relations between these working time arrangements, including night and shift work systems, and associated sleep and health problems. Most these factors are found to affect tolerance to night and shift work. Generally relevant are working hours, job-related conditions, family and social conditions and individual characteristics. As experiences in the formulation of industry-based guidelines show, joint change approaches are needed while looking into these complex factors with the aim of improving priority factors together.
When studying the effectiveness of joint change approaches, action-oriented risk assessment methods and participatory steps must be examined carefully. Risk assessment in relation to sleep and health problems of workers should be conducted so as to disclose the gaps in existing measures and the immediate improvements required. It is suggested to make use of shift work checklists compiling practical improvements locally practicable to solve these problems. Participatory steps should be likewise utilized for dealing with sleep and health issues. Group work tools for facilitating group work for studying, planning and implementing locally adjusted improvements should be developed.
Future research needs in dealing with sleep and health problems should reflect these experiences. It is of interest that the participants of international symposia on night and shift work, including those in the 2003 Santos symposium, suggested the urgent research needs for intervention studies leading to improvements in flexibility of work systems, sleep and health issues, and tolerance to irregular working time arrangements. As criteria for examining action-oriented research in this direction, we may mention (a) a broad scope, (b) action-oriented risk assessment; (c) methods adjusted to local situations; (d) worker participation and (e) evaluation of intervention results. It is therefore crucial to stimulate interactive research into the practical risk assessment and control procedures necessary for participatory joint change approaches.
